Observers in a multiple object tracking task can track about four to five independently moving targets among several moving distractors, even if all of the stimuli disappear for a 300-msec gap. How observers reacquire targets following such a gap reveals what kind of information they can maintain for targets. Previous research has suggested that participants maintain minimal information about a set of moving objects-namely, just their present spatial locations. We report five new experiments that demonstrate retention of location information for at least four objects, and extrapolated motion information for around two objects.
Much of what we interact with in the world is in motion. Drivers navigating through traffic, parents watching their children on a playground, and air-traffic controllers tracking planes on a runway and in the air; all must constantly track a set of moving things in order to know their current location and anticipate their future motion. The visual system must have mechanisms to track objects of interest as they move around the environment. In this article, we ask what kinds of information about an object may be tracked by these mechanisms.
Previous research has shown that people can successfully track around 4-5 targets out of 8-10 total moving objects (Pylyshyn & Storm, 1988) . This can be demonstrated using the multiple object tracking (MOT) task, in which observers are asked to keep track of a subset of stimuli ("targets") as they move independently around a display. After several seconds of tracking, all of the stimuli stop, and the observer indicates which stimuli were targets. In most cases, the primary dependent variable is the number of targets correctly selected.
In a typical MOT task, the stimuli are identical, so observers can only distinguish targets from distractors by following the trajectory of each stimulus during the trial. Using identical stimuli in the MOT task may seem unrealistically impoverished. After all, parents have multiple cues to distinguish their children from others on a playground, including clothing, hair color, and the sounds of their voices. Removing such cues could, in principle, reduce the effectiveness of tracking mechanisms. However, using stimuli that have no such distinguishing characteristics still allows us to ask fundamental questions about the types of information that may be known about a set of moving objects. The two types of information we will focus on in this article are location information ("Do you know where your child is?") and motion information ("Do you know which way your child is running?").
Research incorporating the MOT task has been used to support visual index theory (e.g., Pylyshyn, 1989 Pylyshyn, , 2001 . This theory proposes a psychological mechanism that includes a set of tags ("indexes") that can be associated with a visible object in the environment. Indexes are "sticky," meaning that each index retains its association with an object as that object moves or changes appearance. Visual indexes are supposed to operate relatively early in visual processing, and their role is to assign priority for further processing to certain parts of the visual field (Pylyshyn, 1989) . They do not require that an object be identified or that any of its perceptual features be detected. According to the theory, target tracking in an MOT task is mediated by the linking of an index to each target object. Thus, performance in the task depends on the number of individual indexes available.
Under the visual index theory, little information is extracted from each tracked stimulus-indexes mark the current spatial position of each stimulus, and no further information is needed to differentiate targets from distrac-
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tors. Consistent with this, if the stimuli used in an MOT task vary in color or shape, observers are poor at detecting changes in the features of tracked stimuli (Scholl, Pylyshyn, & Franconeri, 1999 ; but see Bahrami, 2003) . Additionally, they fail to use such features to discriminate targets from distractors . However, this does not necessarily mean that no further information can be used to track objects. Other representations may be used to support tracking, instead of or in addition to visual indexes (e.g., Oksama & Hyönä, 2004; Yantis, 1992) . These representations may enable retention of more than just location information.
In this article, we demonstrate that information beyond just current spatial location is retained for at least some of the target objects in MOT, and that such information may be used to aid tracking of moving objects. We do so by exploiting a recent discovery in MOT experiments: Observers are able to track successfully even if all of the stimuli simultaneously disappear for a brief (300-to 900-msec) gap (see Figure 1 ; Alvarez, Horowitz, Arsenio, DiMase, & Wolfe, 2005; Horowitz, Birnkrant, Fencsik, Tran, & Wolfe, 2006; Keane & Pylyshyn, 2006) . By investigating the information retained during a gap, we can determine how the visual system tracks moving objects.
Maintaining information about a tracking task during the simultaneous disappearance of all of the objects appears to depend on mechanisms distinct from those that generally support tracking of visible objects. showed that the temporary occlusion of one or two stimuli during tracking had no effect on tracking performance. However, when an object spontaneously disappeared and reappeared without occlusion cues, tracking performance declined markedly; the visual system seems to assume that a spontaneously disappearing object no longer exists, and stops tracking it (Scholl & Feigenson, 2004) . In contrast, Horowitz et al. (2006) found that, when all objects disappeared simultaneously, occlusion cues had no effect on tracking performance, and in some cases were detrimental. This dissociation suggests that the mechanisms that support tracking during the disappearance of one or a few objects may be distinct from those that support tracking through the simultaneous disappearance of all objects.
Further evidence comes from Alvarez et al. (2005) , who showed that tracking is still possible when observers must perform a difficult visual search task (e.g., Wolfe, 1998 ) during a gap, and then resume tracking. Alvarez et al. argued that the tracking task may be temporarily postponed while search stimuli are selected for further processing. Horowitz et al. (2006) further argued that such postponement must depend on a memory system that can store information pertinent to the tracking task while it is suspended. Any information stored by this memory system must be available during the tracking task, since it cannot be extracted from the stimuli after they disappear.
To make the distinction between disappearance types more concrete, consider the example of driving a car on a highway. Other cars can individually disappear through occlusion, and tracking mechanisms must be able to deal with this situation. However, spontaneous disappearance of any one car is impossible, so there is no reason to be prepared to handle it. Such disappearance occurs only when the driver looks down at the dashboard, the radio, or a passenger, at which point all of the cars disappear simultaneously. The driver's ability to resume tracking the traffic depends on her having some memory of the environment from before she looked away. On the basis of research Figure 1 . Illustration of multiple object tracking (MOT) through a gap. As in a typical MOT task, observers are presented with a set of identical stimuli, a subset of which are cued as targets. The cues disappear, and the observers must keep track of the targets during the tracking interval, while all of the stimuli move independently around the display. At some point during the tracking interval, all of the stimuli disappear simultaneously for a 300-to 900-msec gap, and then reappear simultaneously and continue moving. At the end of the tracking interval, all of the stimuli stop moving, and the observers indicate which stimuli are targets.
T im e Cue Targets
Respond Gap T r a c k in g In t e r v a l summarized in the previous two paragraphs, we conclude that the driver's memory for traffic while her gaze is elsewhere depends on a mechanism distinct from the one that enables tracking while she is focused on the road.
By investigating what information may be stored by this memory system during a gap, we can elucidate how the visual system keeps track of moving objects. Depending on the information retained during the gap, different strategies can be used to reacquire targets following reappearance. On the one hand, if observers retain the pregap spatial locations of target stimuli, then they can search the area around those locations and identify the nearest stimuli as targets. On the other hand, if observers compute and store the velocities of any targets, then they can restrict their search along a target's path of motion and even anticipate where it will reappear. In this article, we will distinguish these two possibilities as storage of location information and storage of motion information, respectively.
Recently, Keane and Pylyshyn (2006) reported a series of experiments in which they investigated what kind of information may be used to reacquire targets following a gap in MOT. In one of their experiments (Experiment 3), all stimuli disappeared simultaneously for a 300-to 900-msec gap, and then reappeared at one of three positions relative to their pregap positions (see Figure 2 ): In the "move" condition, stimuli reappeared as if they had continued moving at the same velocity while they were invisible; in the "no-move" condition, stimuli reappeared in the same positions they had occupied before the gap; in the "rewind" condition, stimuli reappeared at the positions they had occupied x msec before the gap, where x equals the gap duration. Thus, each stimulus "jumped" back along its trajectory by the same distance it would have moved forward in the move condition. In a block of trials, all stimuli reappeared under the same conditions, and then continued moving until the end of the trial.
In Keane and Pylyshyn's (2006) experiments, if observers maintained only the spatial locations of targets, then they should have been best at reacquiring them in the no-move condition and equivalent in the move and rewind conditions. If they maintained motion information, then tracking accuracy should have been highest in the move condition and progressively worse in the no-move and rewind conditions. In fact, observers' accuracy was equivalently high in both the no-move and rewind conditions, and substantially worse in the move condition. On the basis of these and other results, Keane and Pylyshyn concluded that observers retained the pregap locations of targets (along with some previous trajectory information), but no motion information.
However, Keane and Pylyshyn (2006) aside, there are reasons to believe that observers may retain some motion information. First, found that observers could recall the direction of motion for targets in an explicit memory test. Second, observers can clearly encode more information from multiple stimuli than just spatial location (e.g., Kahneman, Treisman, & Gibbs, 1992; Nissen, 1985; Vogel, Woodman, & Luck, 2001) , perhaps including motion information (Finke, Freyd, & Shyi, 1986) , so it is possible that some motion information is available to aid tracking. Finally, observers may have performed better in the no-move condition than in the move condition because using location information to reacquire targets is more efficient than using motion information, not because motion information is unavailable.
To further investigate the types of information that can be retained for target stimuli during a gap in MOT, we report two sets of experiments. In the first set, we extended the experiments described by Keane and Pylyshyn (2006) . These experiments replicated their finding of superior tracking performance in the no-move condition relative to the move condition, but demonstrate in addition that observers do not remember a target's past trajectory any better than they anticipate its future motion path. In the second set of experiments, we compared performance in the move condition with a condition in which there was no movement information prior to the gap. The results of these experiments demonstrated that observers do use motion information to anticipate the reappearance positions of at least one or two tracked stimuli.
EXPERIMENT 1
Experiment 1 replicated and extended part of Experiment 3 from Keane and Pylyshyn (2006) . Observers performed an MOT task in which all of the stimuli disappeared for a 300-msec gap. Following the gap, each stimulus reappeared either at the location it had occupied just prior to the gap (the no-move condition), at the location expected if it had continued moving at a constant velocity during the gap (the move condition), or at the position it had occupied 300 msec before the gap (the rewind condition; see Figure 2 ). Each stimulus moved at a constant speed in a straight line, bouncing when it reached the edge of the display.
The purpose of this experiment was to test the predictions of two accounts of MOT performance with a gap. According to the location-matching account, observers retain only the pregap locations of the targets. On this account, target reacquisition efficiency, and hence overall tracking performance, should improve as the targets Rewind reappear closer to their pregap positions. Thus, accuracy should be equal in the move and rewind conditions and higher in the no-move condition. Alternatively, according to the motion-anticipation account, observers retain the pregap motion of each target. Using this information, they anticipate target reappearance positions, so accuracy should be highest in the move condition and increasingly worse in the no-move and rewind conditions.
In Experiment 1, reappearance condition was blocked. This was done so that observers could optimize their performance for each type of disappearance, if possible. However, we have conducted an unreported experiment with a mixed-block design and found no substantive difference in results. We report experiments with blocked designs here in order to replicate the experiments reported by Keane and Pylyshyn (2006) .
Method
Participants. Twelve participants from the ages of 19 to 47 years 1 (M 29.6; 9 females) served as observers; 3 observers had participated in earlier tracking studies in our lab. Each had 20/25 corrected vision or better and passed the Ishihara color blindness test. All of the observers gave informed consent prior to the experiment and were paid $10/h for participating.
Apparatus. The observers were seated in a darkened room approximately 57 cm from the display. The stimuli were presented on a 21-in. monitor with a 75-Hz refresh rate (refresh duration of approximately 13.33 msec) controlled by a Macintosh G4 computer. The experimental procedure was generated in MATLAB 5.2.1, using the Psychophysics Toolbox extensions, version 2.53 (Brainard, 1997; Pelli, 1997) .
Stimuli. The stimuli were dark gray disks with a black border drawn on a light gray background. Each disk subtended approximately 1.25º of visual angle in diameter and had a border approximately 0.1º thick. Each disk was assigned an initial direction and moved in that direction at a constant rate of approximately 8º/sec, bouncing off the edge of the screen. The screen subtended approximately 40º 30º. Movement trajectories were generated in advance and stored offline. All of the disks were at least 1.8º apart (center to center), both on the first and last frames of the trial.
Procedure. At the beginning of each trial, the observers were presented with all 10 stimuli, randomly distributed on the display. The targets flashed four times over 4 sec, and then all of the stimuli moved along their trajectories for 5 sec (376 frames). At a randomly selected point during the tracking interval, all of the stimuli disappeared simultaneously for 307 msec (23 frames). This gap began at least 2 sec after the tracking interval started and at least 1 sec before it ended. After the tracking interval, all of the stimuli stopped, and the observers responded by selecting 4 stimuli with the mouse. During response, the observers received visual and auditory feedback indicating the accuracy of their selection. After they had selected 4 stimuli, they were informed of any missed targets.
The experiment began with a training block of 30 trials. In these trials, the observers tracked 5 out of 10 stimuli for 5 sec without a gap. Following the training block, the observers completed three blocks of experimental trials. Each of these blocks consisted of 10 practice trials and 50 experimental trials, with each trial including a gap. Following the gap, every stimulus reappeared either at the rewind, no-move, or move position (see Figure 2) . On rewind trials, the stimuli reappeared at the positions they had occupied 23 frames before the gap began; on no-move trials, they reappeared at the positions they had occupied in the last visible frame before the gap; on move trials, they reappeared at the positions they would have occupied 23 frames after the gap began. Following the gap, each stimulus continued moving for the remainder of the tracking interval. Reappearance position was blocked, so all of the stimuli reappeared at the same relative position throughout each block of trials. The order of conditions was counterbalanced across observers.
Results
After we removed practice trials, there were 50 trials per observer for each condition. The average proportion of correctly recalled targets is plotted by position in Figure 3 . We submitted the accuracy results to a series of planned comparisons. These revealed that accuracy was reliably lower on move trials (.70) than on either no-move trials (.74) or rewind trials (.74) [Fs (1, 11) (Hogg & Craig, 1995) , with qualitatively identical results.
Discussion
These results replicate those reported by Keane and Pylyshyn (2006) . If we compare performance between the no-move and move conditions, the results of Experiment 1 support the location-matching account. Performance was better when the stimuli reappeared at their pregap locations, as would be expected if observers knew only stimulus locations.
However, the observed equivalence between the nomove and rewind conditions is inconsistent with the predictions of the location-matching account. It predicts that performance should decrease with absolute distance between the memorized pregap locations and the reappearance locations (i.e., accuracy should follow an inverted "v" function). These results are also inconsistent with the motion-anticipation account. One explanation is that the observers remembered the paths that targets had traveled just prior to the gap (Keane & Pylyshyn, 2006) . Although this is not consistent with the motion-anticipation account, this explanation does imply some memory for trajectory information. .75
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An alternate explanation is that target reacquisition does not need to occur immediately upon reappearance. Targets that reappear at the rewind position will continue moving and pass through the no-move position 300 msec after the gap. If observers can delay target reacquisition for a few hundred milliseconds on a rewind trial, then they can reacquire targets as if they were performing a no-move trial. Thus, the equivalence between performance on no-move and rewind trials may be due to a confound. We tested this possibility in Experiment 2.
EXPERIMENT 2
Experiment 2 eliminated the confound present in Experiment 1, which arose from the fact that each stimulus continued to move forward along its trajectory after the gap, so if it reappeared at the rewind position, it would be at the no-move position 300 msec after it reappeared. To eliminate this confound, we had all of the stimuli stop moving as soon as they reappeared (i.e., the first visible postgap frame was the final frame in the trial). Otherwise, the trials were identical to those in Experiment 1.
In Experiment 2, we also varied the number of targets tracked ("tracking load") by adding blocks in which observers tracked only two targets. 2 The total number of disks was 10, regardless of tracking load. Other results from our lab suggest that observers may maintain greater amounts of information for just one or two targets (see Experiments 3-5 and Horowitz et al., 2007) . Thus, we might observe support for the motion-anticipation account with two targets, and fail to find such support with five targets.
Method
The method for Experiment 2 was identical to that of Experiment 1, with the following changes. Three volunteers from Experiment 1, and 9 new volunteers served as observers (ages 19-48, M 28.7; 7 females). The disks moved slightly faster, at 9º/sec. On trials with a gap, all of the disks stopped moving immediately after they reappeared. The total tracking interval varied randomly between 4-6 sec (301-451 frames). Observers tracked either two or five targets. Both reappearance position and tracking load were blocked, so the observers completed six blocks after training. Each block contained 10 practice trials and 40 experimental trials.
Results
After we removed practice trials, there were 40 trials per observer for each combination of reappearance position and tracking load. The average proportion of correctly recalled targets is plotted by reappearance position and tracking load in Figure 4 , along with the results of Experiment 1. We submitted the proportion correct to a 3 (reappearance position) 2 (tracking load) repeated measures ANOVA. There was a reliable effect of position on accuracy [F(2,22) We conducted a separate analysis comparing Experiment 1 with Experiment 2. We submitted the proportion correct from both experiments (using only the five-target condition from Experiment 2) to a repeated measures ANOVA with experiment as a between-subjects factor. There was no reliable main effect of experiment [F(1,22) 
Discussion
These results indicate that the equivalence in accuracy between no-move and rewind trials observed in Experiment 1 was due to a confound. When the stimuli stopped moving immediately after their reappearance in Experiment 2, observers could use only the postgap locations to reacquire targets; unlike in Experiment 1, they could not wait briefly for the stimuli to move to more effective positions. The results of Experiment 2 show that observers most efficiently reacquired targets when they reappeared in the same positions they occupied just before the gap, and decreased with absolute distance from those positions, consistent with the predictions of the locationmatching account.
Although the effect was still small when observers tracked five targets, it was much larger when they tracked two targets. Unsurprisingly, observers performed better under a lower tracking load. However, reacquisition of targets was more difficult when they had moved away from their pregap positions than when they stayed in the same place, even when observers had to reacquire only two targets. This suggests that the poor performance in the move condition is not due merely to a capacity limit on the amount of motion information that can be retained. Rather, it must be the case that either no motion information is available to reacquire targets, or that reacquisition of targets that have not moved since they disappeared is extremely efficient.
EXPERIMENT 3
Although the results of the previous two experiments support the location-matching account, they do not rule out the motion-anticipation account. In those experiments, it is possible that observers maintained both location and motion information, but they were able to use location information more effectively to find the targets on no-move trials than they could use motion information on move trials. In the remaining experiments, we explicitly test for the use of motion information in target reacquisition. We will demonstrate that a strict location-based account of tracking is insufficient.
We proceed from the observation that, if the locationmatching account is correct and the motion-anticipation account false, then observers in Experiment 2 must have reacquired targets using only the pregap and postgap stimulus locations. That is, they memorized the last visible frame before the gap began and compared that with the locations of the stimuli upon reappearance. Effectively, they memorized a static display, devoid of any motion information. If this is the case, then tracking performance should be unaffected by removing pregap motion information. Experiment 3 tested this possibility.
There were two different conditions in Experiment 3 (see Figure 5 ): The "motion preview" condition was identical to the move condition used in Experiment 2. In the "static preview" condition, we simply took a motion preview trial and replaced the pregap motion sequence with presentation of the final pregap frame for several seconds. Note that in both conditions, the disks "moved" during the gap. They reappeared at new locations some distance from where they disappeared, and these locations were predictable from a knowledge of their pregap speed and direction. Thus, observers had to make the exact same location comparisons between the pregap and postgap frames in both conditions.
The only difference between the two conditions was in the information available before the gap. In the static preview condition, observers could use only location information to reacquire targets, whereas in the motion preview condition, they could also use the pregap direction and speed of targets to anticipate where they would reappear. The location-matching account predicts that performance in the static preview condition should be equal to (or better than) performance in the motion preview condition. (Performance may be better because pregap locations are presented for several seconds with a static preview, but only briefly with a motion preview.) The motion-anticipation account predicts that performance in the motion preview condition should be better than performance in the static preview condition.
Method
The method for Experiment 3 was identical to that for Experiment 2, with the following changes. Four volunteers from previous experiments and 8 new volunteers served as observers (ages 19-41, M 25.9; 7 females). The total tracking interval, including the 307-msec gap, was 4 sec (301 frames) for all of the trials. Following the gap, each disk reappeared as if it had continued moving with constant velocity during the gap, and then stopped immediately (i.e., as in the move condition of Experiment 2).
Trajectories for motion preview trials were generated in the same manner as in previous experiments. Trajectories for static preview T im e trials were generated by taking the last visible pregap frame from a motion preview trial and displaying it statically for 3.7 sec (277 frames). From the last pregap frame through the end of the trial (i.e., Frames 278-301), trials in both preview types were identical. The same set of trajectories was used for both preview types.
Observers tracked either one or four targets out of 10 total disks. Both preview type and tracking load were blocked, with the order of blocks counterbalanced across observers. 3 Each observer completed a total of four blocks, along with an initial training block. Each block contained 10 practice trials and 50 experimental trials.
Results
After we removed practice trials, there were 50 trials per observer for each combination of preview type and tracking load. The average proportion of correctly recalled targets is plotted by tracking load in Figure 6 . We submitted the proportion correct to a 2 (preview type) 2 (tracking load) repeated measures ANOVA. Accuracy was reliably greater with motion preview (.87) than with static preview (.83) [F(1,11) 
Discussion
The results of Experiment 3 reveal a motion preview advantage, showing that observers can make use of motion information to reacquire targets in MOT. Accuracy was higher in the motion preview condition than in the static preview condition with one target, but not with four targets, suggesting that motion information was retained for fewer than four of the targets. Additionally, the fact that the observers were able to recall approximately 80% of the targets correctly on static preview trials confirms that they can reacquire targets solely on the basis of location information, as was suggested by the results of Experiments 1 and 2.
EXPERIMENT 4
In Experiment 3, gap onset always occurred approximately 3,700 msec after the tracking interval began. Thus, it is possible that observers were not utilizing motion information throughout the trial, but only encoded it immediately prior to the gap in order to facilitate target reacquisition. We tested this possibility in Experiment 4 by randomly varying the trial duration between 2 and 5 sec. If observers cannot maintain motion information throughout a trial, then they should perform no better with motion preview than with static preview.
Method
The method for Experiment 4 was identical to that for Experiment 3, with the following changes. Twelve new volunteers served as observers (records containing age and gender information for these volunteers are missing). The tracking interval was randomly varied in the range of approximately 2-5 sec (151-376 frames). Observers tracked either 2 or 4 out of the 10 disks. Each block contained 10 practice trials and 40 experimental trials.
Results
After we removed practice trials, there were 40 trials per observer for each combination of preview type and tracking load. The average proportion of correctly recalled targets is plotted by tracking load in Figure 7 . We submitted the proportion correct to a 2 (preview type) 2 (tracking load) repeated measures ANOVA. There was no reliable difference in accuracy between motion preview trials (.81) and static preview trials (.80) [F(1,11) 1.21, MS e .004, p .29]. Accuracy was reliably greater with two targets (.84) than with four targets (.77) [F(1,11) 34.50, MS e .002, p .001]. There was also a reliable interaction between preview type and tracking load 
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Discussion
The results of Experiment 4 are consistent with those of Experiment 3: The observers performed better with a motion preview than with a static preview when tracking two targets, but not when tracking four targets. Since the observers could not have predicted gap onset in Experiment 4, they must have been able to maintain motion information throughout the trial. Once again, the interaction between preview type and tracking load suggests that the observers maintained motion information for one to three stimuli.
EXPERIMENT 5
The results of Experiment 3 and Experiment 4 supported the hypothesis that observers can retain motion information for a limited number of moving objects. However, those results did not allow us to measure the actual number of objects for which motion information was retained. We designed Experiment 5 in order to quantify the number of objects' worth of information that must be retained in order to obtain the observed levels of performance. To accomplish this, we systematically varied tracking load from one to four targets in both preview conditions, and developed a model to specify the relationship between the number of targets tracked and accuracy in the task.
The primary purpose of the model is to estimate the number of objects for which observers must have maintained motion information in order to obtain the observed motion preview advantage. It assumes that observers can track moving stimuli with one of two mechanisms: One mechanism stores only location information and the other extrapolates motion information. During the gap, information from both mechanisms is stored, and may be used to reacquire target objects.
Motion information may be used to anticipate postgap reappearance positions with high levels of accuracy, since all stimuli continue moving along their trajectories during the gap. Although location information may also be used to reacquire targets, it is less accurate, since the postgap locations are different from the memorized locations.
The probability of successfully reacquiring a target following the gap on motion preview trials depends on both motion and location information. However, there is no motion information available prior to the gap on static preview trials, so reacquisition depends only on location information.
There are four possible free parameters in the model. The capacity of the location-based mechanism is k l , and the capacity of the motion-based mechanism is k m . There are two probabilities of reacquiring targets on the basis of location information, one for each preview type: p s for static preview trials and p m for motion preview trials. We used different probabilities for each preview type because locations were available for longer on static preview trials than on motion preview trials, so it seemed reasonable to assume that p s p m .
We can reduce the number of parameters by assuming that k l 4 (i.e., location capacity is at least four objects). There were never more than four targets in Experiment 5, so this assumption means that location information was retained for all targets, causing the location-based mechanism to have effectively no capacity limit. This assumption is based on several facts. First, we are primarily interested in precise estimates of capacity for motion information, and estimates of location-based capacity are only useful as a baseline. Second, previous MOT studies have found tracking capacity to be around four to five objects (e.g., Pylyshyn & Storm, 1988) . Finally, tracking load had no effect on performance in static preview trials in Experiments 3 and 4 (nor in Experiment 5, to anticipate our results). Had the location-based mechanism been over capacity, performance would have declined with tracking load. Instead, it appears that location information was stored for at least four targets.
The model makes quantitative predictions about the relationship between the three remaining parameters (k m , p m , and p s ), the number of targets, and tracking performance. If there are t targets, then on motion preview trials, the predicted number of correctly recalled targets, n, is
unless k m t, in which case n t. On static preview trials, n p s t.
The proportion of correctly recalled targets can be calculated by dividing Equations 1 and 2 by t.
Method
The method for Experiment 5 was identical to that for Experiment 3, with two changes. First, 5 volunteers from previous experiments and 7 new volunteers served as observers (ages 20-37, M 27.3; 6 females). Second, observers tracked 1, 2, 3, or 4 out of 10 disks. The two factors (tracking load and preview type) were manipulated between block, for a total of eight blocks (plus one initial training block), each with 10 practice trials and 50 experimental trials.
Results
After we removed practice trials, there were 50 trials per observer for each combination of preview type and tracking load. The average proportion of correctly recalled targets is plotted by tracking load in Figure 8 (solid lines). We submitted the proportion correct to a 2 (preview type) 4 (tracking load) repeated measures ANOVA. Accuracy was reliably greater on motion preview trials (.88) than on static preview trials (.81) [F(1,11) We estimated the model's parameters (k m , p m , p s ) using a gradient descent algorithm. This allowed us to find the parameter values that minimized the sum-squared error between the observed and predicted data for each observer. Each observer contributed eight data points, leaving 5 dfs per observer. The average estimated parameter values were k m 1.47 0.29, p m .68 .06, and p s .81 .04 (the ranges are 95% confidence intervals). The average predicted proportion of correctly recalled targets is indicated by the dashed lines in Figure 8 . For the averaged data, R 2 .977.
Discussion
The results reveal a systematic decline in performance with tracking load on motion preview trial blocks, but no change in performance on static preview trial blocks. The average estimated capacity for motion information was approximately 1.5 objects. On average, the observers stored more than 1 object, meaning that observers must have the capacity to store at least 2 objects' worth of motion information. Thus, the motion preview advantage indicates that observers are able to keep track of the motion of 2 targets in addition to whatever location information they track (which seems to be tracked for at least 4 objects). The results of Experiment 5 clearly support the motionanticipation account of target reacquisition.
GENERAL DISCUSSION
These experiments reveal two basic facts. First, the observers reacquired targets most efficiently after a brief disappearance when the targets reappeared in the same positions they occupied before disappearing (Experiments 1 and 2). This replicates Keane and Pylyshyn (2006) , and is consistent with their interpretation that observers maintain only location information for tracked targets. Second, the observers' performance was better with pregap motion information than without, clearly demonstrating that they could make use of motion information to track moving objects, and reacquire them after they reappeared (Experiment 3, 4, and 5).
The apparent contradiction between these two findings can be readily resolved. The superiority of the no-move condition over the move and rewind conditions in Experiment 2 indicates that location information is retained during disappearance and presents the most effective means for matching targets across the gap. However, it does not rule out storage of motion information. The gap introduces uncertainty into the MOT task because observers cannot maintain object continuity using visible stimuli. This uncertainty is minimized in the no-move condition. Motion information is also remembered for some stimuli and can be used to reduce uncertainty when stimuli continue moving during the gap, leading to better performance with motion preview than with static preview.
Clearly, the visual system retains both location and motion information for tracked objects. The results suggest that observers can track location information for at least four targets and motion information for about two targets. The fact that estimated capacity is greater than one object is inconsistent with the possibility that eye movements following a single target might subserve anticipation of reappearance position (Kerzel, Jordan, & Müsseler, 2001) . Covert shifts of attention split among multiple targets (Awh & Pashler, 2000) might serve this purpose instead (Oksama & Hyönä, 2004) .
There must be representations that can be used to track location and motion information. Visual indexes alone cannot fulfill this requirement, since indexes do not extract or encode any information beyond an object's spatial location (Pylyshyn, 1989 (Pylyshyn, , 2004 . However, two independent representations could readily account for our results. Our recent work on tracking unique, identifiable objects (Horowitz et al., 2007) suggests that there may be independent representations for the locations and identities of tracked targets (see also Oksama & Hyönä, 2004) . Observers' capacity for identity information in those studies was similar to the capacity for motion information in the present experiments. Horowitz et al. (2007) tentatively suggested that location information might be served by visual indexes, whereas identity information required object file representations (Kahneman et al., 1992) .
Our present results are compatible with this proposal. For example, while tracking objects in Experiment 2, observers could have used visual indexes to maintain the current locations of about four targets. Additionally, they .7
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1.0 Motion Preview
Static Preview
Observed Predicted could have extracted motion information (e.g., past trajectory, current direction of motion) from two of the four targets and stored it in object files. Assuming the information stored in the visual indexes and object files could be retained during the gap, then this information could be used to reacquire the targets following the gap. If the objects reappeared in their pregap positions, then the location information stored in the visual indexes could be used to match remembered positions with actual positions. The precision of this reacquisition depends on the fidelity of the location information stored by the visual indexes. If the objects moved during the gap-either forward or backward along their pregap trajectories-then motion information could be used to calculate the anticipated reappearance positions of the two targets for which object files were retained. The precision of such reacquisition depends on the fidelity of the motion information stored by object files. Any remaining targets could be reacquired by searching around their memorized pregap locations. The accuracy of this search depends on the proximity of other objects to the memorized locations.
How do we know whether observers in our experiments actually tracked location and motion information continuously during the gap? The results of and Scholl and Feigenson (2004) suggest that tracking stops for objects that disappear spontaneously. However, we have proposed that observers treat simultaneous disappearance as a brief interruption of the task, and use a task-postponement system to store information relevant to the tracking task offline during the gap (Alvarez et al., 2005; Horowitz et al., 2006) . This means that the objects are not being actively tracked during the gap. However, in order for information to be stored during the gap, it must have been available prior to the gap. Since gap onset is unpredictable, any information stored during the gap must be continuously available during the tracking interval. Therefore, any motion information stored during the gap must be continuously tracked during visible motion. According to our results, then, a driver tracks both the location of the cars around her and their speed and direction of motion. Although she can track motion information for only one or two cars, that should be sufficient to track the nearest cars and anticipate potentially dangerous situations. Similarly, a parent watching his children and their friends on a playground may be able to track how two of them are running while knowing the current locations of some of the others. If he looks away momentarily, he should be able to anticipate where two of them will be when he looks back (except when they turn), and will have to search around for the remaining children on the basis of where they were before.
The technique introduced in Experiment 3 allows us to distinguish memory for motion information from memory for location information. This opens up avenues for future research on the characteristics of these two types of information. One question worth investigating is: How much motion does the visual system need in order to create a useful representation? Can an object's speed and direction be determined on the basis of two frames, or does it take hundreds of milliseconds? Another question is whether distraction can have differential effects on the two types of information. Alvarez et al. (2005) showed that a visual search task presented during a gap in MOT had only a minimal effect on tracking performance. This finding could be specific to location information, and it may be that a distracting task does interfere with storage of motion information. Such a dissociation would support the hypothesis that location and motion information are stored by separate representations.
